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Between May 1975 and April 1981, 43 adult patients with high-
grade soft tissue sarcomas of the extremities were prospectively
randomized to receive either amputation at or above the joint
proximal to the tumor, including all involved muscle groups,
or to receive a limb-sparing resection plus adjuvant radiation
therapy. The limb-sparing resection group received wide local
excision followed by 5000 rads to the entire anatomic area at
risk for local spread and 6000 to 7000 rads to the tumor bed.
Both randomization groups received postoperative chemother-
apy with doxorubicin (maximum cumulative dose 550 mg/m2),
cyclophosphamide, and high-dose methotrexate. Twenty-seven
patients randomized to receive limb-sparing resection and ra-
diotherapy, and 16 received amputation (randomization was
2:1). There were four local recurrences in the limb-sparing
group and none in the amputation group (pi = 0.06 generalized
Wilcoxon test). However, there were no differences in disease-
free survival rates (71% and 78% at five years; P2 = 0.75) or
overall survival rates (83% and 88% at five years; P2 = 0-99)
between the limb-sparing group and the amputation treatment
groups. Multivariate analysis indicated that the only correlate
of local recurrence was the final margin of resection. Patients
with positive margins of resection had a higher likelihood of
local recurrence compared with those with negative margins
(Pi < 0.0001) even when postoperative radiotherapy was used.
A simultaneous prospective randomized study of postoperative
chemotherapy in 65 patients with high-grade soft-tissue sar-
comas of the extremities revealed a marked advantage in pa-
tients receiving chemotherapy compared with those without
chemotherapy in three-year continuous disease-free (92% vs.
60%; p, = 0.0008) and overall survival (95% vs. 74%; P, = 0.04).
Thus limb-sparing surgery, radiation therapy, and adjuvant
chemotherapy appear capable of successfully treating the great
majority of adult patients with soft tissue sarcomas of the
extremity.
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SOFT-TISSUE SARCOMAS are malignant tumors that
arise in the extraskeletal connective tissues of the

body. Though a large number of different pathologic
diagnoses, based on the cell of origin, comprise the soft-
tissue sarcomas, these tumors are grouped together be-
cause of similarities in pathologic appearance, clinical
presentation, and natural history. The clinical behavior
of soft-tissue sarcomas is characterized by a tendency
to extensively invade surrounding soft tissues as well
as early metastatic dissemination, mainly to the lungs."2
The extensive local invasion of soft-tissue sarcomas

along anatomic structures such as fascial layers, blood
vessels, nerve sheaths, and muscle fibers has resulted
in local recurrence rates of 30 to 50% when local sur-
gical excision is utilized as sole therapy for these le-
sions.'6 These high local recurrence rates have led to
the use of radical compartmental excisions or ampu-
tations in an attempt to achieve local control and the
utilization of these extensive surgical resections has re-
duced local recurrence rates to 5 to 20%.78 Recently
several workers have advocated the use of local surgical
excision followed by wide field radiation therapy as a
means of obtaining adequate local control of these le-
sions.9"0 No comparative studies of these two ap-
proaches to achieving local control of soft-tissue sar-
comas have been undertaken. The problems of poorly
defined criteria for patient selection and the use of his-
torical controls for analysis of treatment results have
made reasonable comparison between the efficacy of
these two approaches difficult. In this article the authors
report the results of a prospective randomized compar-
ison of the role of limb-sparing surgery plus radiation
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therapy compared with amputation in the treatment of
patients with soft-tissue sarcomas of the extremities.
The tendency of soft-tissue sarcomas to metastasize

to the lungs and the poor survival of patients treated
for soft-tissue sarcomas (around 40% in most series)
has led to a search for systemic treatments that might
be applied early in the course of the disease. The authors
also present the results of a prospective randomized
evaluation of the value of adjuvant chemotherapy in the
treatment of patients with soft-tissue sarcomas of the
extremities. A more detailed presentation of this latter
study has been presented elsewhere.

Methods

All patients with soft-tissue sarcomas of the extrem-
ities included in these protocols were evaluated and
treated in the Surgery Branch of the National Cancer
Institute. To be eligible for these protocols, patients had
a diagnosis of either round cell or pleomorphic liposar-
coma, pleomorphic rhabdomyosarcoma, synovial cell
sarcoma, fibrosarcoma, neurofibrosarcoma, leiomyosar-
coma, malignant fibrous histiocytoma, or undifferen-
tiated sarcoma. All patients had lesions of the extrem-
ities defined as being distal to the shoulder or hip joints.

All patients underwent a standard workup including
history, physical examination, blood chemistries, chest
radiograph, lung tomograms, liver scan, bone scan, and
computerized axial tomography through the area of the
primary lesion. All patients in this protocol were free
of clinical evidence of metastatic disease, either in re-
gional lymph nodes or more distant sites.

Pathologic material, including biopsies and definitive
resection specimens, were reviewed by the same pa-
thologist, and only patients fulfilling the above histo-
logic diagnosis were included.

Patients were excluded from the protocols if they had
received any prior chemotherapy or radiation therapy
before referral to the National Cancer Institute (NCI)
or if they had a history of any other malignant disease
except for basal cell carcinoma. Patients who had severe
infections, active bleeding disorders, or concomitant
severe disease such as cirrhosis, ischemic heart disease
or evidence of severe impairment of renal function that
made them ineligible to receive the chemotherapy used
in the protocols were also excluded. Patients below the
age of 30 with a diagnosis of embryonal or alveolar
rhabdomyosarcoma were also excluded.

Before randomization in each of the protocols all
patients signed an informed consent in accord with the
guidelines of the Clinical Research Committee of the
National Cancer Institute.

Comparison of Patients Receiving Limb-sparing Sur-
gery Plus Radiation Therapy with Patients Receiving
Amputation

Patients with soft-tissue sarcoma of the extremities
meeting the above eligibility criterion who had lesions
that were amenable to local treatment by either am-
putation or by limb-sparing surgery were offered en-
trance into this protocol. A criteria of eligibility for this
protocol was the clinical judgment that a limited op-
eration would be capable of removing all gross disease
from the involved extremity without sacrifice of vessels
or nerves essential for even limited function of the ex-
tremity. When tumor was abutting or adjacent to ves-
sels or nerves, the tumor was carefully dissected from
these structures even if the pseudocapsule of the tumor
was in intimate apposition to these structures. Approx-
imately 15% of patients presenting with soft-tissue sar-
comas of the extremities had local lesions so extensive
that no limited surgical option existed that was capable
of eliminating gross tumor, and these patients were not
eligible for this protocol.

Patients were prospectively randomized to receive
either amputation or to receive limb-sparing resection
followed by radiation therapy. Patients were randomly
assigned to one of the two treatment groups using a
schema design to enter twice as many patients in the
limb-sparing surgical arm as in the amputation arm.
Patients were stratified on the basis of the histology of
the primary lesion, the degree of differentiation (grade),
the time from initial diagnosis, and whether the lesion
was proximal or distal in the extremity.

Patients randomized to receive amputation under-
went amputation at or above the joint proximal to the
lesion including all involved muscle groups. In this pro-
tocol the following amputations were performed: three
hemipelvectomies, seven hip disarticulations, three
above-knee amputations, two forequarter amputations,
and one below-elbow amputation.

Patients randomized to receive limb-sparing surgery
plus radiation therapy underwent wide local excision
designed to remove all gross tumor with several centi-
meters of surrounding normal tissue. In cases where the
pseudocapsule of tumor was in close apposition to es-
sential vessels or nerves, tumor was dissected free of
those anatomic structures even if positive surgical mar-
gins resulted. All patients randomized to the limb-spar-
ing arm of the protocol underwent removal of all gross
disease at the time of surgery. No attempt was made
to perform radical compartmental excisions in these
patients. The patient routinely had metallic clips placed
around the borders of the resected specimen to guide
the radiation therapist in the treatment of the tumor
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bed. Four of the 27 patients randomized to the limb-
sparing treatment arm of the protocol had a resection
margin pathologically positive for tumor cells. No pa-
tients who underwent amputation had a positive patho-
logic margin. All patients who underwent limb-sparing
surgery also received radiation therapy designed to treat
all areas at risk for tumor spread between the joints
proximal and distal to the tumor including all involved
muscle groups. Daily treatments were given at 180 to
200 rads per treatment to a dose of 4500 to 5000 rads.
A "shrinking field" technique was then used, and a total
of 6000 to 7000 rads was delivered to the tumor bed
and completed in the sixth and seventh week of radia-
tion therapy. The radiation therapy used in these pa-
tients has been presented in detail elsewhere.12 When
possible, some portion of the circumference of the limb
was excluded from the treatment portals. When possible
the adjacent joint space was also eliminated from the
radiation portal, however, this was often not feasible
because of the location of the tumor. Radiation therapy
was begun as soon as the wound was healed. Wedge
filters, compensator filters, complex field arrangements,
wedged pairs, tangential fields, and rotational therapy
were all used in an attempt to maximize radiation ex-
posure to tissues at risk and to minimize radiation of
normal tissues.

All patients in this protocol received chemotherapy
beginning in the immediate postoperative period. Pa-
tients receiving radiation therapy received the first che-
motherapy dose three days before the first radiation
dose. Patients received doxorubicin (Adriamycin) and
cyclophosphamide (Cytoxan) intravenously on day 21
of a 28-day cycle. Doxorubicin was begun at a dose of
50 mg/M2 and was escalated by 10 mg/M2 to a max-
imum of 70 mg/M2 depending on bone marrow toxicity.
A maximum cumulative dose of doxorubicin of 550 mg/
m2was given. Cyclophosphamide was started at a dose
of 500 mg/M2 and was escalated by 100 mg/M2 in con-
junction with doxorubicin to a maximum of 700 mg/
m2. When the maximum cumulative dose of doxorubicin
was reached, patients received high-dose methotrexate
with leukovorin rescue, again on a 28-day cycle for a
total of six doses. The initial dose of methotrexate was
50 mg/kg in a six-hour infusion followed two hours
after completion of the infusion by 15 mg/m2 of leu-
kovorin intravenously. Intravenous leukovorin was re-
peated every six hours for a total of eight doses. Meth-
otrexate dosage was escalated by 50 mg/kg in each
cycle to a maximum dose of 250 mg/kg. Patients were
well hydrated, and urine was alkalinized before each
drug infusion. Forty-eight-hour blood levels of metho-
trexate were determined by radioimmunoassay, and all

patients with methotrexate levels greater than 4 X 10-0
Molar received additional leukovorin.

Comparison of Patients Receiving Adjuvant Chemo-
therapy with Patients Receiving No Adjuvant Che-
motherapy

In a study separate from that described above, pa-
tients with soft-tissue sarcoma of the extremities were
prospectively randomized to be treated by either sur-
gery alone or iby. surgery, followed by adjuvant che-
motherapy. All patients in this protocol received either
amputation or limb-sparing surgery plus radiation ther-
apy as described above. Patients were prospectively ran-
domized to receive either adjuvant chemotherapy with
doxorubicin, cyclophosphamide, and high-dose metho-
trexate as described above or randomized to receive no
chemotherapy.
To assure comparability of the patient groups in this

protocol, randomized patients were stratified based on
the degree of differentiation of the primary lesion,
whether patients received an amputation or limb-spar-
ing surgery, and whether the lesions were in a proximal
or distal portion of the involved extremity.

Patient Follow-up

All patients were seen at least every two months for
the first three years after surgery and at three monthly
intervals thereafter for the first five years. Complete
blood chemical evaluation and chest radiographs were
obtained at each visit. Full lung tomography was ob-
tained every six months for the first three years. His-
tologic confirmation of recurrent disease was obtained
in all patients who recurred.

Statistical Analysis

For comparing the disease-free survival and overall
survival, the test of Mantel and Haenszel was used.'3
In comparisons in which there were fewer than five total
failures, the exact version of the Mantel-Haenszel test
as described by Thomas was used to compute p values.14
Estimates of the "survival" curves were computed using
the method of Kaplan and Meier.'" In looking at these
curves the reader should keep in mind that toward the
right hand side of these curves, where relatively few
patients are at risk, the estimates are not very reliable.
In comparing proportions in two groups the authors
have used the Fisher exact test.'6

During the course of the adjuvant chemotherapy
trial, interim analyses were performed at approximately
six-month intervals. In order to guard against prema-
turely stopping the study, the method of monitoring
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TABLE 1. Soft-tissue Sarcomas of the Extremities

Sex: Male
Female

Age: 0-20 years
21-40 years
41-65 years

Race: Caucasian
Black

Site: Arm
Forearm-hand
Thigh
Leg-foot

Histology: Fibrosarcoma
Malignant fibrous

histiocytoma
Liposarcoma
Leiomyosarcoma
Rhabdomyosarcoma
Synoviosarcoma
Neurofibrosarcoma
Undifferentiated

Grade: 1
2
3

Total

Limb-Sparing Surgery
Amputation + Radiotherapy

Number of Patients (%)

10 (63) 23 (85)
6 (37) 4 (15)

2 (13) 4 (15)
9 (56) 9 (33)
5 (31) 14 (52)

13 (81) 22 (81)
3 (19) 5 (19)

2 (12) 3 (11)
1 (6) 2 (7)

10 (63) 17 (63)
3 (19) 5 (19)

0 (0) 1 (4)

1 (6) 3 (11)
7 (44) 4 (15)
1 (6) 4 (15)
0 (0) 3 (11)
4 (25) 7 (25)
1 (6) 3 (11)
2 (13) 5 (19)

1 (6) 0 (0)
4(24) 3(11)

11 (70) 24 (89)

16 27

described by Peto, et al. was employed.'7 An overall test
of disease-free survival for all patients randomized to
chemotherapy or no chemotherapy was performed at
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each interim analysis using the test of Mantel and
Haenszel. At none of the interim analyses was the value
of the chi square statistic extreme enough to warrant
stopping the trial.

Results

Comparison of Patients Receiving Limb-Sparing Sur-
gery Plus Radiation Therapy with Patients Receiving
Amputation

Between May 1975 and April 1981, 43 patients with
soft-tissue sarcoma of the extremities were randomized
into this treatment protocol. Follow-up is complete in
all patients as of October 1981 with a median follow-
up of four years and eight months. The characteristics
of the patients randomized in this protocol are presented
in Table 1. Sixteen patients randomized to receive am-
putation and 27 patients randomized to receive limb-
sparing surgery and radiotherapy. Only about one third
of eligible patients with soft-tissue sarcomas of the ex-

tremities agreed to enter this protocol and only these
patients are considered here. There were no significant
differences in patient characteristics in the two treat-
ment arms with regard to sex, race, site, histology, or

histologic grade of the primary lesions. Patients ran-

domized to receive amputation tended to be younger
than patients randomized to receive limb-sparing sur-

gery plus radiation therapy.
The results of treatment as a function of site, his-

tology, and grade of the primary lesion is presented in
Table 2. Three patients randomized to the amputation

TABLE 2. Soft-tissue Sarcomas of the Extremities

Amputation Limb-Sparing Surgery + Radiotherapy
(Number of Patients) (Number of Patients)

Recurred Recurred

Local Local
+ +

Total Local Distant Distant Dead Total Local Distant Distant Dead

Arm 2 0 0 0 0 3 0 0 0 0
Forearm-hand 1 0 0 0 0 2 0 0 0 0
Thigh 10 0 2 0 2 17 1 2 3 3
Leg-foot 3 0 1 0 0 5 0 0 0 0

Fibrosarcoma 0 0 0 0 0 1 0 0 0 0
Malignant fibrous

histiocytoma 1 0 1 0 1 3 0 0 0 0
Liposarcoma 7 0 0 0 0 4 0 1 1 1
Leiomyosarcoma 1 0 1 0 0 1 0 0 0 0
Rhabdomyosarcoma 0 0 0 0 0 3 1 0 1 1
Synoviosarcoma 4 0 1 0 1 7 0 0 1 1
Neurofibrosarcoma 1 0 0 0 0 3 0 1 0 0
Undifferentiated 2 0 0 0 0 5 0 0 0 0

Grade: 1 1 0 0 0 0 0 0 0 0 0
2 4 0 1 0 0 3 0 0 0 0
3 11 0 2 0 2 24 1 2 3 3

Total 16 0 3 0 2 27 1 2 3 3
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FIG. 1. Prospective random-
ized evaluation of continu-
ous disease-free survival in
patients receiving either
amputation or limb-sparing
surgery plus radiation ther-
apy.
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arm recurred, and two of these patients have died. All
three patients had distant metastases to the lungs, and
there were no local recurrences in this treatment group.

One patient had all pulmonary metastases resected and
remains alive and disease-free eight months later.

Six patients have recurred in the limb-sparing surgery
plus radiation therapy arm of the protocol, and three
of these patients have died. There were a total of four
local recurrences in these patients. One patient devel-
oped a local recurrence in the distal thigh. This patient
subsequently underwent a hip disarticulation and re-

mains disease-free 35 months later. Three patients de-
veloped simultaneous local recurrence and distant me-

tastases, and two patients developed only distant me-

tastases. These latter two patients underwent resection
of all pulmonary metastases and remain alive 28 and
30 months later.

Actuarial analysis of the time to recurrence for all
patients in the protocol is presented in Figure 1. There
was no significant difference in time to recurrence in
patients randomized to receive amputation compared
with those randomized to receive limb-sparing surgery

plus radiation therapy (P2 = 0.75). Actuarial five-year
disease-free survival was 78% in the amputation group
and 71% in the limb-sparing group. Similarly there was
no difference in overall survival between these two pa-
tient groups as shown in Figure 2 (P2 = 0.99). Actuarial
five-year overall survival in the amputation group was
88% compared with 83% in the group undergoing limb-
sparing surgery. When analyzed for local recurrence
there is a suggestion that patients undergoing limb-
sparing surgery plus radiation therapy have a higher
local recurrence rate than patients undergoing ampu-
tation as shown in Figure 3 (p, = 0.06). This difference
in local recurrence rates did not result in improved sur-
vival in patients in this protocol though the rnumber of
patients in this comparison is small and this conclusion
is a tentative one.

Detailed studies of the quality of life of patients in
these two treatment arms have been performed and
presented elsewhere.'8 The authors found no significant
differences in the quality of life parameters that were
evaluated between these two. patient groups.
The disease-free and overall survival of patients in
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FIG. 2. Prospective random-
ized evaluation of overall
survival in patients receiv-
ing either amputation or

limb-sparing surgery plus
radiation therapy.
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this protocol was markedly improved compared with
virtually all reported series of patients with soft-tissue
sarcomas of the extremities.'"O All patients in this pro-
tocol received adjuvant chemotherapy and this is the
likely explanation for the improved disease-free and
overall survival seen in these patients as will be ad-
dressed in the next section.

Adjuvant Chemotherapy in Patients with Soft-Tissue
Sarcomas of the Extremities

Between May 1975 and June 1977 all patients with
soft-tissue sarcomas of the extremities treated in the
Surgery Branch of the National Cancer Institute in the
protocol described in the previous section, as well as

patients not eligible or refusing randomization in the
above protocol, were treated with adjuvant chemother-
apy. Preliminary results of this treatment in 26 patients
with extremity soft-tissue sarcomas were reported in
1978.'9 Despite the short follow-up at that time, it ap-

63 72 81 90

peared that disease-free and overall survival in the pa-

tients receiving chemotherapy was prolonged compared
with 46 historical controls from our own institution
treated by surgery alone. In June 1977, therefore, we

began a prospective randomized trial of the value of
adjuvant chemotherapy in patients with soft-tissue sar-

comas of the extremities. Patients underwent local ther-
apy by either amputation or limb-sparing surgery plus
radiation therapy and were then prospectively random-
ized to receive chemotherapy with doxorubicin, cyclo-
phosphamide, and high-dose methotrexate as described
above or to receive no adjuvant chemotherapy. This
patient population differs from that previously de-
scribed in the protocol comparing amputation and limb-
sparing surgery plus radiation therapy though 16 of the
92 total patients in these protocols overlap the two pro-

tocols.
Sixty-five patients were evaluated in this randomized

protocol before its termination in July 1981. Follow-up
is presented here as of October 1981 with a median
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FIG. 3. Prospective random-
ized evaluation of local re-
currence in patients receiv-
ing either amputation or
limb-sparing surgery plus
radiation therapy.
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follow-up of 653 days. Thirty-seven patients random-
ized to receive chemotherapy and 28 patients random-
ized to receive no chemotherapy. Actuarial analysis re-

veals a marked improvement in continuous disease-free
survival in patients randomized to receive chemother-
apy compared with those receiving no chemotherapy as

shown in Figure 4 (p, = 0.0008). The actuarial three-
year disease-free survival for patients randomized to
receive chemotherapy was 92% compared with 60% for
patients receiving no chemotherapy. Improved survival
in patients receiving chemotherapy was seen in patients
who underwent either amputation or limb-sparing re-

section plus radiation therapy (Table 3). The overall
survival of patients receiving chemotherapy was also
improved compared with those randomized to receive
no chemotherapy (Table 3) with actuarial three-year
survivals of 95% and 74%, respectively (pi = 0.04).

Three patients randomized to receive chemotherapy
recurred with disease confined to the lung. Two of these
patients underwent resection of all pulmonary disease

and remain alive and free of disease without further
recurrence eight and 23 months later. Nine patients
who randomized to receive no chemotherapy recurred.
Five patients recurred solely in the lung and four of
these patients underwent resection of all known pul-
monary disease, though only one has remained disease-
free four months later. The remaining three patients
recurred in the lungs a second time and were all ren-

dered disease-free at repeat thoracotomy and are alive
with no evidence of disease at one, two, and three
months later. Though follow-up in this randomized trial
is short, it appears that adjuvant chemotherapy is of
benefit in the treatment of patients with soft-tissue sar-
comas of the extremities. This prospective randomized
trial confirms the results of the authors' pilot, histori-
cally controlled trial conducted in the Surgery Branch
of the National Cancer Institute between 1975 and
1977.19 Updated analysis of the 26 patients entered into
that pilot trial as of October 1981 with a minimum
follow-up of over four years continues to show benefit

I I
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FIG. 4. Prospective random-
ized evaluation of continu-
ous disease-free survival in
patients randomized to re-
ceive adjuvant chemother-
apy or no chemotherapy.

CHEMO VS. NO CHEMO: EXTREMITY
TOTAL FAIL

37 3 [U CHEMOTHERAPY
28 9 CD NO CHEMOTHERAPY

0 9 1 8 27 36 45 54
REMISSION IN MONTHS

for patients who received chemotherapy compared with
historical controls who did not receive chemotherapy
(p < 0.001).

Discussion

Soft-tissue sarcomas are malignant tumors of the
extraskeletal connective tissues that are characterized
by an aggressive tendency to invade into surrounding
soft tissues and by a tendency for early metastatic
spread to the lungs. There are about 4500 new cases
of soft-tissue sarcomas in the United States each year.
Soft-tissue sarcomas represent about 0.7% of cancers

TABLE 3. Soft-tissue Sarcomas of the Extremities

Chemotherapy No Chemotherapy
(number of patients)

Total recurred 3/37 9/28 Pi = 0.0008
Total dead 1/37 4/28 P, = 0.04

Amputation-recurred 3/16 6/11 pi = 0.006
Limb sparing-recurred 0/21 3/17 pi = 0.04

63 72 81 90

and about 6.5% of all cancers in individuals below the
age of 25.' Many different diagnoses comprise the soft-
tissue sarcomas, though all have a similar clinical be-
havior and can be considered as a single entity in eval-
uating proper therapy. The degree of differentiation
(histologic grade) of the lesion is the major prognostic
factor in patients with soft-tissue sarcomas.

The extensive local invasion of soft-tissue sarcomas
into surrounding tissues has led to local recurrence rates
of approximately 30 to 50% when wide local excision
alone is used as treatment of these lesions.16 Two ap-
proaches that have been used to attempt to improve
local control rates are the use of extensive radical com-
partmental excisions or amputations and the use of local
excisional surgery to remove gross tumor followed by
aggressive radiation therapy to all areas at risk for local
tumor spread.7-'0 Though this latter approach is effec-
tive in the control of childhood rhabdomyosarcomas,
the application of this combined modality treatment to
adult patients with soft-tissue sarcomas has not been
evaluated in well designed clinical trials in the adult.
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The current clinical trial was undertaken in an attempt
to compare the standard treatment for extremity sar-
comas, i.e., amputation to treatment with limb-sparing
resectional surgery followed by radiation therapy.

In virtually all reported series of patients with soft-
tissue sarcomas, five-year survival is in the range of
40%.'-' Several chemotherapeutic- agents exist with
proven effectiveness in the treatment of adult patients
with soft-tissue sarcomas, including doxorubicin, cy-
clophosphamide, DTIC, methotrexate, and vincris-
tine." 20-25 Objective response rates of approximately 30
to 45% can be achieved in patients with metastatic soft-
tissue sarcomas when appropriate combinations of these
chemotherapeutic agents are utilized. The use of ag-
gressive adjuvant chemotherapy following surgery in
the treatment of patients with soft-tissue sarcomas of
the extremities has not been subjected to rigorous clin-
ical evaluation. In the studies reported here the authors
have evaluated the combination of doxorubicin, cyclo-
phosphamide, and high-dose methotrexate in patients
following definitive resection for the treatment of soft-
tissue sarcomas. Though follow-up is limited in this lat-
ter protocol, previous studies have shown that 80% of
all sarcoma patients who recur, manifest a recurrence
within two years of definitive therapy.3'7'8 This allows
for relatively rapid evaluation of new therapies in this
disease.

Between 1975 and 1981, the authors conducted a
prospective randomized evaluation in adult patients
with soft-tissue sarcomas of the extremities, comparing
amputation with limb-sparing resection followed by ra-
diation therapy. Only about one third of all patients
with soft-tissue sarcomas of the extremities seen in the
Surgery Branch of the NCI suitable for entrance into
this protocol consented to join the protocol, and the data
presented here deals only with this patient group. Al-
though many patients refused amputation, a smaller
number insisted on this treatment compared with the
more experimental limb-sparing surgical treatment
combined with radiation therapy. All patients included,
however, were prospectively randomized. Patients ran-
domized to receive amputation had removal of all in-
volved tissues in the compartment of the tumor. Patients
randomized to receive limb-sparing resection all under-
went resection of all gross disease with maintenance of
a functional extremity as a primary goal. In four of 27
patients undergoing limb-sparing surgery, positive mar-
gins of resection were present at the completion of sur-
gery because of the proximity of tumor to essential
nerves and vessels. Approximately 15% of patients pre-
sented with extremity lesions that were so extensively
invasive into local tissues that local resection of-all gross
disease with maintenance of reasonable function of the
extremity was not thought to be possible. These patients
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all underwent amputation and were not entered into
this randomized protocol.

Appropriate stratification for prognostic factors re-
sulted in a similar distribution of patients in the two
treatment arms with respect to sex, age, race, site, his-
tology, and histologic grade. Actuarial analysis of the
results of this protocol with a median follow-up of four
years and eight months revealed no difference in dis-
ease-free or overall survival between the two patient
groups. The local recurrence rate was somewhat higher
in the group receiving limb-sparing surgery plus radia-
tion therapy (p1 = 0.06) though this difference did not
result in decreased survival of patients undergoing limb-
sparing surgery plus radiation therapy. Though the lack
of impact of increased local recurrence on survival may
be due to the small number of patients involved in this
comparison, it may also indicate that patients with le-
sions that locally recur are also patients that are highly
likely to develop disseminated disease even if local con-
trol were achieved by more radical surgery.

In a further attempt to analyze the prognostic factors
responsible for recurrence the authors performed a
multivariate analysis of the treatment results of all pa-
tients who received chemotherapy for the treatment of
soft-tissue sarcomas in both protocols considered in this
article. No correlation existed with local recurrence,
overall recurrence or survival with respect to site, his-
tology, grade, sex, race, age, time from surgery to onset
of chemotherapy and nadir white coupt or platelet
counts during chemotherapy. However, a high corre-
lation did exist with local recurrence and the final mar-
gin of surgical resection with a marked increase in local
recurrence in patients whose final surgical margins were
positive for tumor (p < 0.0001). In this combined group
patients with negative surgical margins had an im-
proved survival compared with those with positive sur-
gical margins (pi = 0.007). This analysis, however, in-
cludes patients from the chemotherapy randomization
study who were not randomized to the surgical treat-
ments, and it is thus possible that this survival diffierence
is caused by factors other than the surgical treatment
performed. Patients who had positive surgical margins
who recurred might well have recurred if amputative
surgery to achieve negative margins had been per-
formed. On the basis of the authors' randomized trial
it does not appear essential that negative surgical mar-
gins be achieved if radiation therapy and chemotherapy
are administered in the postoperative period. However,
this conclusion is based on a small number of patients
and must be considered tentative. A very conservative
interpretation of these results, however, would indicate
that if negative surgical margins can be obtained with
limb-sparing surgery, and radiation therapy and che-
motherapy are used in the postoperative period, these
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patients will have a long-term, disease-free and overall
survival comparable with those patients who undergo
amputation.

Because of the improved survival that was observed
in the early pilot trials utilizing chemotherapy in pa-
tients with soft-tissue sarcomas of the extremities,'9 the
authors undertook a prospective randomized trial of the
value of chemotherapy. The adjuvant chemotherapy
regimen selected was a combination of doxorubicin,
cyclophosphamide, and high-dose methotrexate that
appeared successful in the early pilot trials.
A recent analysis of the results of treatment in the

26 patients in the pilot chemotherapy trial treated be-
tween May 1975 and June 1977 compared with our
historical controls, with a minimum follow-up of four
years, revealed an improvement in survival because of
the adjuvant chemotherapy (p = 0.001). The prospec-
tive randomized trial comparing patinets receiving che-
motherapy with those receiving no chemotherapy con-
ducted between June 1977 and July 1981 revealed a
marked improvement in disease-free and overall sur-
vival for those patients receiving chemotherapy. This
trial has been analyzed in more detail elsewhere. It
should be emphasized, however, that follow-up in this
trial is short (one year, eight months), and further fol-
low-up will be necessary to verify this conclusion.

In summary it appears that limb-sparing surgery plus
radiation therapy is effective treatment for most pa-
tients with soft-tissue sarcomas of the extremities. Post-
operative adjuvant treatment with the combination che-
motherapy regimen that has been described appears
capable of significantly improving disease-free and
overall survival of these patients.
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DISCUSSION

DR. LASALLE D. LEFFALL, JR. (Washington, D.C.): I would like
to compliment Dr. Rosenberg and his colleagues on this paper, in
particular for their continued study on a very important area in sur-
gical oncology, and that is the management of soft sarcomas. Even
though we don't see very many of these malignant tumors, very often

when we do see them, some of these patients have been subjected to
amputations, and I think, based on the study of Dr. Rosenberg and
others who he has alluded to in his manuscript, we have evidence to
show that we do not need to perform some of these amputative pro-
cedures.

In the manuscript, he gives recognition to the work of Suit and
Lindberg; both of these men called attention to the role-that radio-
therapy plays in the management of soft sarcomas. At one time we


